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(57 ABSTRACT

The operation of positioning a machine by a numerical
control apparatus 1s completed when it i1s determined
that a current feedback value of a motor, which varies
in response to deflection of the machine, is in a given
range.

8 Claims, 6 Drawing Sheets
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FIG. 2B (© -

CONTENT OF TIME CUMULATING
COUNTER IS CLEARED

Step 111

CUMULATING COUNTER
IS COUNTED UP

Step 112

WHETHER
A GIVEN TIME PERIOD

IS EXQEEDED

Y _Step 115
ABNORMAL SIGNAL
1S ISSUED

Step 116

EMERGENCY STOP SIGNAL IS
OUTPUT TO SERVO CONTROL
SECTION

Step 113

CURRENT FEEDBACK
VALUE IS READ

Step 114

WHETHER
CURRENT FEEDBACK
VALUE IS IN A GIVEN
RA&?E

Step 108

WHETHER
MACHINING PROGRAM

IS COMPLETED
> .

END



5,221,884

Sheet 4 of 6

June 22, 1993

U.S. Patent

Y . ¥Ovaa334 NOILISOd "
G .-J ¥Ovad33d @33ds _ R i -
” \ NIVE(J334  NOIL1O3S '
” , IN3YHND ' T041INOD o .
“ \ ' NOILIS0d - LINN
” ' NOILO3S | -1 $S300Y4d LINN
" e A TOHINOD  fe- E C NOT1v43713030 SERE
“ 033dS | dQ ONY NOILY10dY3INI
” . beqm e - NOILVY431300V
: NOT103S Aomhzoo o>¢wm 8 R ]
¢



U.S. Patent June 22, 1993 Sheet 50f6 5,221,884

FIG. 4
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1
NUMERICAL CONTROL APPARATUS

BACKGROUND OF THE INVENTION

The present invention relates to an NC (numerical
control) apparatus improved in determining whether or
not a positioning operation of a machine is completed.

FIG. 3 1s a block diagram showing the structure of a
conventional numerical control apparatus. In the figure,
an mterpolation process unit 1 receives machining infor-
mations of each block of a machining program, for
example, movement distance and movement speed, and
outputs an incremental amount of movement of a con-
trolling axis for every sampling. An acceleration and
deceleration process unit 2 receives the interpolation
information such as the incremental amount of move-
ment for every sampling obtained from the interpola-
tion process unit 1, executes an acceleration and decel-
eration process using, for example, a primary delay
circuit (not shown), and outputs a position command
(incremental amount of movement for one sampling) to
a motor 6. A servo control section 3 controls a position-
ing operation of the motor 6 in response to the output of
the acceleration and deceleration process unit 2. A posi-
tion detector 4 and a speed detector 5 of the servo con-
trol unit 3 detect position and speed, respectively. A
position control section 7 and a speed control section 8
of the servo control unit 3 control position and speed,
respectively. Further, an amplifier 9 is disposed in the
servo control unit 3.

FIG. 4 is a flow chart describing the operation of an
in-position (completion of positioning) check process of
the numerical control apparatus shown in FIG. 3. In the
figure, steps 1 to 8 are operation steps of the process.

The operation of the above conventional numerical 35
control apparatus will be described in the following. In
step 1 shown in FIG. 4 , machining information, for
example, movement distance and movement speed, of
one block of a machining program to be executed is
input to the interpolation process unit 1. In step 2, the
interpolation information such as the incremental
amount of movement for each sampling is computed by
the interpolation process unit 1 and is output to the
acceleration and deceleration process unit 2. In step 3, it
1s determined whether or not the interpolation of one
block has been completed. When it is determined that
the interpolation of the one block has not been com-
pleted, the process returns back to step 2. When it is
determined that the one block has been completed, the
process advances to step 4. In step 4, it is determined
whether or not the in-position check operation is exe-
cuted for the machining information being input to the
interpolation process unit 1. When it is determined that
the in-position check operation is not necessary for the
block, the process advances to step 8. When it is deter-
mined that the in-position check operation is necessary
for the block, the process advances to step 5. In step 5,
when the output of the acceleration and deceleration
process unit 2 is 0, namely, when the movement com-
mand to the motor 6 is 0, the process advances to step 6.
When the output of the acceleration and declaration
process unit 2 is not 0, namely, when the movement
command to the motor 6 is not 0, the process of step 5
1s repeated until the output of the acceleration and de-
celeration process unit 2 becomes 0, namely, until the
movement command to the motor 6 becomes 0. In step
6, the servo control unit 3 reads the position droop of
the motor 6 in the servo system. In step 7, it is deter-
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2

mined whether or not the position droop is in the given
in-position range. When it is determined that the posi-
tion droop is not in the given in-position range, the
process returns back to step 6. When it is determined
that the position droop is in the given in-position range,
the process advances to step 8. In step 8, it is determined
whether or not all the blocks of the machining program
have been executed. When it is determined that all the
blocks have been executed, the process is completed.
When they have not been executed, the process returns
back to step 1 and executes the next block.

FIG. §1s a diagram describing a positioning error due
to deflection of a machine which occurs when the con-
ventional numerical control apparatus executes the po-
sitioning operation of the machine. In the figure, refer-
ence numeral 4 is a position detector, 6 is a motor, 10 is
a workpiece, 11 is a ball screw, 12 is a bearing for sup-
porting the ball screw 11, 13 is a nut, 14 is a tool, and 15
is a guide surface on which the tool 14 is moved.

The 1n-position check process of the conventional
numerical control apparatus is executed as described
above. For example, as shown in FIG. 5§, at the time of
positioning the machine, as in a semi-closed loop
method, when the machine position detected by the
position detector 4 is away from the machining point of
the tool 14 against the workpiece 10, when the work-
piece 10 is heavily cut, or when the sharpness of the tool
14 to the workpiece 10 is degraded, since the machine
deflects as shown by the broken line of FIG. 5, even if
the in-position check at the place where the position
detector 4 detects a position, is conducted, the position-
Ing accuracy at a machining point of the tool 14 to the
workpiece 10 has an error e as shown in FIG. 5. Conse-
quently, 1t 1s very difficult to assure a fixed accuracy
being set in the in-position range.

In addition, as disclosed in Japanese patent laid-open
No. 61-147791, whose title is “Abnormality monitor
apparatus for automatic positioning unit”, an apparatus
for monitoring an abnormal state of a machine system at
the time of positioning operation has been proposed.
This apparatus uses a drive motor whose speed is con-
trolled by a speed control unit. As the monitor means,
the average value of current feedback values from the
motor 1s monttored when the positioning operation of
the machine system is controlled. However, generally,
in machine tools, the cutting force and frictional force
by the tool against a workpiece vary. Accordingly, the
average value of the current feedback value of the
motor also varies. Thus, even if the average value of the
current feedback values of the motor is monitored in the
manner described above, it is difficult to determine
whether or not the positioning condition is abnormal.

SUMMARY OF THE INVENTION -

An object of the present invention is to solve the
above problem and to provide a numerical control ap-
paratus which can execute an accurate in-position check
operation even if there is a large error between the
cutting position of the tool to a workpiece and the posi-
tion detected by the position detector because of a large
machine deflection caused by a heavy cutting operation
of the workpiece or the like.

In the numerical control apparatus according to the
present invention, when executing the machine in-posi-
tion check operation, current feedback values (motor
load currents) of a motor, which vary according to the
deflection of the machine, are read by a current detec-
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tor and then the current feedback values being read are
checked to determine whether the machine positioning
operation has been completed.

In the numerical control apparatus according to the

present invention, since the current feedback value of 5

the motor is equivalent to torque applied to the motor as
the reaction force of the machine deflection, when the
current feedback value of the motor is large, the ma-
chine deflection is also large and thereby the positioning
accuracy at the machining point of the tool to the work-
piece 1s bad; when the current feedback value of the
motor is low, the machine deflection is small and
thereby the positioning accuracy at the machining point
of the tool to the workpiece is good. By using this phe-
nomenon, the numerical control apparatus of the pres-
ent invention can improve the positioning accuracy in
executing the machine in-position check operation.

BRIEF DESCRIPTION OF THE DRAWINGS

FI1G. 115 a block diagram showing the structure of a
numerical control apparatus embodying the present
invention:

FIG. 2A and 2B are flowcharts describing the opera-
tion of the in-position check process of the numerical
control apparatus of FIG. 1;

FI1G. 3 1s a block diagram showing the structure of a
conventional numerical control apparatus;

FIG. 4 is flowchart describing the operation of the
in-position check process of the numerical control appa-
ratus of FIG. 3; and

FI1G. 3 1s a descriptive diagram showing a positioning
error due to machine deflection which occurs in ma-
chine positioning operation of the conventional numeri-
cal control apparatus.

DETAILED DESCRIPTION OF THE
INVENTION

FIG. 1 is a block diagram showing the structure of a
numerical control apparatus embodying the present
invention. In the figure, an interpolation process unit 1,
an acceleration and deceleration process unit 2, a servo
control section 3, a position detector 4, a speed detector
S, a motor 6, a position control section 7, a speed control
section 8, an amplifier 9, and so forth are same as those
of the conventional numerical apparatus shown in FIG.
3. A time cumulating counter 16 counts a time period
when the position droop of the motor 6 in the servo
control unit 3 becomes a given value or less and inputs
the count value to the interpolation process unit 1. An
external signal output interface section 17 transfers an
abnormal state signal sent from the interpolation pro-
cess unit 1 to an external unit, for example, a sequencer.

FIGS. 2A and 2B are flowchart describing the in-
position check process operation in the numerical con-
trol apparatus of FIG. 1. In the figure, steps 101 to 108
and steps 110 to 116 show the process steps.

The operation of the numerical control apparatus
embodying the present invention will be described in
the following. Since the processes in steps 101 to 108
shown in F1GS. 2A and 2B are same as those in steps 1
to 8 shown in FIG. 4 of the conventional numerical
control apparatus, the detailed description will be omit-
ted. In step 107, it is determined whether or not the
position droop of the motor 6 in the servo system,
which 1s read in step 106, is in a given in-position range
in the same manner as step 7 of the conventional numer-
ical control apparatus. However, in step 107, when it is
determined that the position droop is not in the given
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In-postition range, the process returns back to step 106.
When it 1s determined that the position droop is in the
given In-position range, the process advances to step
110. In step 110, the content of the time cumulating
counter 16 is cleared and then the process advances to
step 111. In step 111, the time cumulating counter 16 is
counted up. In step 112, when the value of the time
cumulating counter 16 exceeds the given time period,
the process advances to step 115. When the value of the
time cumulating counter 16 is in the given time period,
the process advances to step 113. In step 113, the cur-
rent feedback value of the motor 6 is read from the
servo control unit 3 and then the process advances to
step 114. In step 114, it is determined whether the cur-
rent feedback value of the motor 6 is in the given range.
When 1t 1s determined that the current feedback value
of the motor 6 is in the given range, the process ad-
vances to step 108. When it is determined that the cur-
rent feedback value of the motor 6 is not in the given
range, the process returns back to step 111. When the
value of the time cumulating counter 16 exceeds the
given time period, the process advances to step 115. In
step 115, 1t 1s determined that the current feed-back
value of the motor 6 does not become the given value or
less in the given time and an abnormal signal is output to
the external signal output interface section 17. The ab-
normal signal i1s output via the external signal output
interface section 17 to an external unit such as a se-
quencer. In step 116, the abnormal signal which is 1s-
sued 1n step 115 is input and an emergency stop signal is
output to the servo control unit 3 to command the emer-
gency stop.

As described above, when executing the machine
in-position check operation, the numerical control ap-
paratus embodying the present invention reads the cur-
rent feedback value of the motor 6, which varies ac-
cording to the machine deflection, and checks the cur-
rent feedback value of the motor 6. When the current
feedback value of the motor 6 is in the given range,
positioning of the machine is completed. When the
current feedback value of the motor 6 1s not in the given
range, the numerical control apparatus outputs the ab-
normal signal which informs the outside of the numerni-
cal control apparatus of the state and outputs the emer-
gency stop signal to the servo control unit 3.

In the above embodiment, the in-position check oper-
ation during the positioning operation of the machine
operated by a machining program has been described.
However, as in a manual machine positioning operation,
even if an operation is executed without a machining
program, the operation of steps 104 to 107 and that of
steps 110 to 116 shown in FIG. 2 can be applied like-
wise.

As described above, according to the numerical con-
trol apparatus of the present invention, the degree of the
positioning error due to the machine deflection is de-
tected through a current feedback value of the motor.
The positioning operation is not completed until the
current feed-back value of the motor becomes within
the given range. Therefore, for example, in the semi-
closed loop method, when the machine detection posi-
tion 1s away from the machining point of the tool to the
workpiece, when the workpiece is heavily cut, or when
the sharpness of the tool to the workpiece is degraded,
the accuracy of the in-position check process an be
further improved.

What is claimed:
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1. A numerical control method for determining
whether a positioning operation of a machine has been
completed, said method comprising:
(a) receiving machining information for a block of a
- machining program to be executed;
(b) interpolating the machining information for the
block;
(c) determining whether an in-position check is to be
performed for the machining information;
(d) receiving a current feedback value when the in-
position check is to be performed;
(e) determining whether the current feedback value is
within a given range; and
(f) completing the position operation of the machine
when the current feedback valve is determined to
be within the given range, by repeating steps

(a)-(e) until all the blocks of the machining pro-

gram have been executed.

2. A method as recited in claim 1, wherein said
method further comprises: (g) completing the position-
ing operation when the in-position check is not to be
performed.

3. A method as recited in claim 1, wherein said
method further. comprises, between steps (c) and (d),
the steps of:

(g) waiting until an output of an acceleration/deceler-
ation process unit is zero when the in-position
check 1s to be performed;

(h) obtaining a position droop of a servomotor; and

(1) waiting until the position droop is within a given
in-position range.
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4. A method as recited in claim 1, wherein said
method further comprises the steps of:

(J) counting up a count value each time step (e) deter-
mines that the current feedback value is not within
the given range; and

(1) outputting an abnormality indication signal and
not completing the positioning operation when the
count value exceeds a predetermined value.

5. A numerical control method for determining
whether a positioning operation of a machine has been
completed, said method comprising:

(a) receiving machining information for a machining

operation to be performed;

(b) interpolating the machining information;

(c) determning whether an in-position check is to be
performed for the machining information;

(d) receiving a current feedback value when the in-
position check is to be performed;

(e) determining that the positioning operation has
been completed when the current feedback value is
within a given range.

6. A method as recited in claim 1, wherein said
method further comprises:

(f) outputting an abnormal signal and not completing
the positioning operation when the current feed-
back value 1s determined not to be within the given

- range after a predetermined period of time.

7. A method as recited in claim 1, wherein the current
feedback value corresponds to a positioning error due
to machine deflection.

8. A method as recited in claim 1, wherein the current

feedback value corresponds to a positioning error due

to machine deflection.
%k % 1 % x
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